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Stratigraphy, from Latin stratum + Greek graphia, is the description of all 

rock bodies forming the Earth's crust and their organization into 

distinctive, useful, mappable units based on their inherent properties or 

attributes in order to establish their distribution and relationship in space 

and their succession in time, and to interpret geologic history. 

 

Sedimentary rock is a type of rock that is formed by sedimentation of 

material at the Earth's surface and within bodies of water. Sedimentation 

is the collective name for processes that cause mineral and/or organic 

particles (detritus) to settle and accumulate or minerals to precipitate from 

a solution. Particles that form a sedimentary rock by accumulating are 

called sediment. Before being deposited, sediment was formed by 

weathering and erosion in a source area, and then transported to the place 

of deposition by water, wind, mass movement or glaciers which are 

called agents of denudation. The study of the sequence of sedimentary 

rock strata is the main source for scientific knowledge about the Earth's 

history, including paleogeography, paleoclimatology and the history of 

life. 

Geological time units: 

It has commonly been the practice to distinguish between geochronology, 

which is concerned with geological time units and chronostratigraphy, 

which refers to material stratigraphic units. The difference between these 

is that the former is an interval of time that is expressed in years, whereas 

the latter is a unit of rock: for example, the Chalk strata in northwest 

Europe form a part of the Cretaceous System, a unit of rock, and they 

were deposited in shallow seas which existed in the area during a period 

of time that we call the Cretaceous Period, an interval of time. 

There is a hierarchical set of terms for geochronological units that has an 

exact parallel in chronostratigraphic units (Fig. 1).  

 

 

 

 

 

 

 

 

 

 

 

 
Figure (1) Nomenclature used for geochronological and chronostratigraphic 

units. 
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The terms for the geochronological units are described below, with the 

equivalent chronostratigraphic units also noted where they are also in 

common use. 

Eons 

These are the longest periods of time within the history of the Earth, 

which are now commonly divided into three eons: the Archaean Eon up 

to 2.5 Ga, the Proterozoic Eon from 2.5 Ga to 542 Ma (together these 

constitute the Precambrian), and the Phanerozoic Eon from 542 Ma up to 

the present. 

Note:  ka,  Ma, and  Ga, means thousands, millions and billions of 

years before present. 

 

Eras 

Eras are the three time divisions of the Phanerozoic: 

the Palaeozoic Era up to 251 Ma, the Mesozoic Era from then until 65.5 

Ma and finally the Cenozoic Era up to the present. Precambrian eras have 

also been defined, for example dividing the Proterozoic into the 

Palaeoproterozoic, the Mesoproterozoic and the Neoproterozoic. 

 

Periods/Systems 

The basic unit of geological time is the period and these are the most 

commonly used terms when referring to Earth history. The Mesozoic Era, 

for example, is divided into three periods, the Triassic Period, the Jurassic 

Period and the Cretaceous Period. The term system is used for the rocks 

deposited in this time, e.g. the Jurassic System. 

 

Epochs/Series 

Epochs are the major divisions of periods: some have names, for example 

the Llandovery, Wenlock, Ludlow and Pridoli in the Silurian, while 

others are simply Early, (Mid-) and Late divisions of the period (e.g. 

Early Cretaceous and Late Cretaceous). The chronostratigraphic 

equivalent is the series, but it is important to note that the terms Lower, 

Middle and Upper are used instead of Early, Middle and Late. As an 

example, rocks that belong to the Lower Triassic Series were deposited in 

the Early Triassic Epoch. Logically a body of rock cannot be ‘Early’, nor 

can a period of time be considered ‘Lower’ so it is important to employ 

the correct adjective and use, for example, ‘Early Jurassic’ when referring 

to events which took place during that time interval. 

 

Ages/Stages 

The smallest commonly used divisions of geological time are ages, and 

the chronostratigraphic equivalent is the stage. They are typically a few 

million years in duration. For example, the Oligocene Epoch is divided 
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into the Rupelian and Chattian Ages (the Rupelian and Chattian Stages of 

the Oligocene Series of rocks). 

Chrons are short periods of time that are sometimes determined from 

palaeomagnetic information, but these units do not have widespread 

usage outside of magnetostratigraphy. The Quaternary can be divided into 

short time units of only thousands to tens of thousands of years using a 

range of techniques available for dating the recent past, such as marine 

isotope stages. 
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Stratigraphic chart   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

Figure (2) Geologic time scale 
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Stratigraphic units 

There are a number of different approaches that can be used, each based 

on different aspects of the rocks, and each of which is of some value 

individually, but are most profitably used in combinations. 

First, a body of rock can be distinguished and defined by its lithological 

characteristics and its Stratigraphic position relative to other bodies of 

rock: these are lithostratigraphic units and they can readily be defined 

in layered sedimentary rocks.  

Second, a body of rock can be defined and characterized by its fossil 

content, and this would be considered to be a 

biostratigraphic unit . 

 Third, where the age of the rock can be directly or indirectly determined, 

a chronostratigraphic unit can be defined. Chronostratigraphic units 

have upper and lower boundaries that are each isochronous surfaces, that 

is, a surface that formed at one time.  

The fourth type of stratigraphic unit is a magnetostratigraphic unit, a 

body of rock which exhibits magnetic properties that are different to 

adjacent bodies of rock in the stratigraphic succession.  

Finally, bodies of rock can be defined by their position relative to 

unconformities or other correlatable surfaces: these are sometimes called 

allostratigraphic units, but this approach is now generally referred to as 

‘Sequence Stratigraphy’. 

 

Lithostratigraphy deals with the physical lithologic change both vertically 

in layering of varying rock type and laterally reflecting changing 

environments of deposition, known as facies change. Key elements of 

stratigraphy involve understanding how certain geometric relationships 

between rock layers arise and what these geometries mean in terms of 

depositional environment. 
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Stratigraphic relationships 

 

Superposition 

The beds higher in the stratigraphic sequence of deposits will be younger 

than the lower beds. This rule can be simply applied to a layer-cake 

stratigraphy but must be applied with care in circumstances where there is 

a significant depositional topography (e.g. fore-reef deposits may be 

lower than reef-crest rocks: Fig. 3). 

 

 

 

 

 

 

 

 

 
Figure (3) Principles of superposition: (a) a ‘layer-cake’ stratigraphy; (b) stratigraphic 

relations around a reef or similar feature with a depositional topography. 

 

Unconformities  
 

An unconformity is a break in sedimentation and where there is erosion 

of the underlying strata this provides a clear relationship in which the 

beds below the unconformity are clearly older than those above it (Fig. 

4).  

 
Figure (4) Gaps in the record are represented by unconformities: (a) angular 

unconformities occur when older rocks have been deformed and eroded prior to later 

deposition above the unconformity surface; (b) disconformities represent breaks in 

sedimentation that may be associated with erosion but without deformation. 

 

All rocks which lie above the unconformity, or a surface that can be 

correlated with it, must be younger than those below. In cases where 
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strata have been deformed and partly eroded prior to deposition of the 

younger beds, an angular unconformity is formed.  

 

 

 

 

 

 

Cross-cutting relationships 

 

Any unit that has boundaries that cut across other strata must be younger 

than the rocks it cuts. This is most commonly seen with intrusive bodies 

such as batholiths on a larger scale and dykes on a smaller scale (Fig. 5). 

This relationship is also seen in fissure fills, sedimentary dykes that form 

by younger sediments filling a crack or chasm in older rocks. 

 

 

 

 

 

A disconformity marks a break in sedimentation and some erosion, but 

without any deformation of the underlying strata. 
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Cross-cutting of dykes, batholiths, and faults 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Included fragments 

 

The fragments in a clastic rock must be made up of a rock that is older 

than the strata in which they are found (Fig. 5). The same relationship 

holds true for igneous rocks that contain pieces of the surrounding 

country rock as xenoliths (literally ‘foreign rocks’). 

This relationship can be useful in determining the age relationship 

between rock units that are some distance apart. Pebbles of a 

characteristic lithology can provide conclusive evidence that the source 

rock type was being eroded by the time a later unit was being deposited 

tens or hundreds of kilometers away. 
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Figure (5) Stratigraphic relationships can be simple indicators of the relative 

ages of rocks: (a) cross-cutting relations show that the igneous features are 

younger than the sedimentary strata around them; (b) a fragment of an older 

rock in younger strata provides evidence of relative ages, even if they are some 

distance apart. 

 

Lithostratigraphic units   
 

There is a hierarchical framework of terms used for lithostratigraphic 

units, and from largest to smallest these are:  

1- Supergroup. 

2- Group. 

3- Formation. 

4- Member. 

5- Bed.  

The basic unit of lithostratigraphic division of rocks is the formation, 

which is a body of material that can be identified by its lithological 

characteristics and by its stratigraphic position. It must be traceable 

laterally, that is, it must be mappable at the surface or in the subsurface. 

A formation should have some degree of lithological homogeneity and its 

defining characteristics may include mineralogical composition, texture, 

primary sedimentary structures and fossil content in addition to the 

lithological composition. 
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A formation may be divided into smaller units in order to provide more 

detail of the distribution of lithologies. The term member is used for rock 

units that have limited lateral extent and are consistently related to a 

particular formation (or, rarely, more than one formation). An example 

would be a formation composed mainly of sandstone but which included 

beds of conglomerate in some parts of the area of outcrop.  

Individual beds or sets of beds may be named if they are very distinctive 

by virtue of their lithology or fossil content. These beds may have 

economic significance or be useful in correlation because of their easily 

recognizable characteristics across an area. 

Where two or more formations are found associated with each other and 

share certain characteristics they are considered to form a group. Groups 

are commonly bound by unconformities which can be traced basin-wide. 

Unconformities that can be identified as major divisions in the 

stratigraphy over the area of a continent are sometimes considered to be 

the bounding surfaces of associations of two or more groups known as a 

supergroup. 

 

Description of lithostratigraphic units 

 

The formation is the fundamental lithostratigraphic unit and it is usual to 

follow a certain procedure in geological literature when describing a 

formation to ensure that most of the following issues are considered. 

Members and groups are usually described in a similar way. 

 

Lithology and characteristics 

 

The field characteristics of the rock, for example, an oolitic grainstone, 

interbedded coarse siltstone and claystone, a basaltic lithic tuff, and so on 

form the first part of the description. Although a formation will normally 

consist mainly of one lithology, combinations of two or more lithologies 

will often constitute a formation as interbedded or interfingering units. 

Sedimentary structures (ripple cross-laminations, normal grading, etc.), 

petrography (often determined from thin-section analysis) and fossil 

content (both body and trace fossils) should also be noted. 

 

Definition of top and base 

 These are the criteria that are used to distinguish beds of this unit from 

those of underlying and overlying units; this is most commonly a change 

in lithology from, say, calcareous mudstone to coral boundstone. 

Where the boundary is not a sharp change from one formation to another, 

but is gradational, an arbitrary boundary must be placed within the 

transition.  
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Type section 

 

A type section is the location where the lithological characteristics are 

clear and, if possible, where the lower and upper boundaries of the 

formation can be seen. Sometimes it is necessary for a type section to be 

composite within a type area, with different sections described from 

different parts of the area.  

It must be located (grid reference and/or GPS location) to make it 

possible for any other geologist to visit the type section and see the 

boundaries and the lithological characteristics described. 

 

Thickness and extent 

 

The thickness is measured in the type section, but variations in the 

thickness seen at other localities are also noted. The limits of the 

geographical area over which the unit is recognized should also be 

determined. There are no formal upper or lower limits to thickness and 

extent of rock units defined as a formation (or a member or group). The 

variability of rock types within an area will be the main constraint on the 

number and thickness of lithostratigraphic units that can be described and 

defined. Quality and quantity of exposure also play a role, as finer 

subdivision is possible in areas of good exposure. 

 

Lithostratigraphic nomenclature 

 

The name of the formation, group or member must be taken from a 

distinct and permanent geographical feature as close as possible to the 

type section. The lithology is often added to give a complete name such 

as the Kingston Limestone Formation, but it is not essential, or 

necessarily desirable if the lithological characteristics are varied. The 

choice of geographical name should be a feature or place marked on 

topographic maps such as a river, hill, town or village. 

 

Lithodemic units: non-stratiform rock units 

 

The concepts of division into stratigraphic units were developed for rock 

bodies that are stratiform, layered units, but many metamorphic, igneous 

plutonic and structurally deformed rocks are not stratiform and they do 

not follow the rules of superposition. Nonstratiform bodies of rock are 

called lithodemic units. 

The basic unit is the lithodeme and this is equivalent in rank to a 

formation and is also defined on lithological criteria. The word 

‘lithodeme’ is itself rarely used in the name: the body of rock is normally 
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referred to by its geographical name and lithology, such as the White 

River Granite or Black Hill Schist. An association of lithodemes that 

share lithological properties, such as a similar metamorphic grade, is 

referred to as a suite: the term complex is also used as the equivalent to a 

group for volcanic or tectonically deformed rocks. 

 

In Stratigraphy, a facies is a body of physical characteristics that allow to 

attribute a sediment to a specific depositional environment for 

distinction from adjacent sediment deposited in a different depositional 

environment. 

Sedimentary facies reflect depositional environment, for example, a 

sandstone is a sedimentary rock composed mainly of sand sized minerals 

or rock grains. Its body of characteristics such as grain size, sorting and 

composition as well as sedimentary structures and outcrop geometry 

contribute to define the environment where it is deposited, which include: 

1. Rivers (levees, point bars, channel sands)" 

2. Alluvial fans" 

3. Glacial outwash" 

4. Lakes" 

5. Deserts (sand dunes and ergs)" 

6. Deltas" 

7. Beach and shoreface sands" 

8. Tidal flats" 

9. Offshore bars and sand waves" 

10. Storm deposits (tempestites)" 

11. Turbidites (submarine channels and fans). 
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APPLICATIONS OF LITHOSTRATIGRAPHY 

1- Lithostratigraphy and geological maps 

Part of the definition of a formation is that it should be a ‘mappable unit’, 

and in practice this usually means that the unit can be represented on a 

map of a scale of 1:50,000, or 1:100,000. Maps at this scale therefore 

show the distribution of formations and may also show where members 

and named beds occur. The stratigraphic order and, where appropriate, 

lateral relationships between the different lithostratigraphic units are 

normally shown in a stratigraphic key at the side of the map. In regions of 

metamorphic, intrusive igneous and highly deformed rocks the mapped 

units are lithodemes. There are no established rules for the colours used 

for different lithostratigraphic and lithodemic units on these maps, but 

each national geological survey usually has its own scheme.  

 

2- Lithostratigraphy and environments 
 

The environment of deposition has a fundamental control on the 

lithological characteristics of a rock unit. A formation, defined by its 

lithological characteristics, is therefore likely to be composed of strata 

deposited in a particular sedimentary environment. This has two 

important consequences for any correlation of formations in any 

chronostratigraphic (time) framework. 

First, in any modern environment it is obvious that fluvial sedimentation 

can be occurring on land at the same time as deposition is happening on a 

beach, on a shelf and in deeper water. In each environment the 

characteristics of the sediments will be different and hence they would be 

considered to be different formations if they are preserved as sedimentary 

rocks. It inevitably follows that formations have a limited lateral extent, 

determined by the area of the depositional environment in which they 

formed and that two or more different formations can be deposited at the 

same time. 

Second, depositional environments do not remain fixed in position 

through time. Consider a coastline, where a sandy beach (foreshore) lies 

between a vegetated coastal plain and a shoreface succession of 

mudstones coarsening up to sandstones. 

The foreshore is a spatially restricted depositional environment: it may 

extend for long distances along a coast, but seawards it passes into the 

shallow marine, shoreface environment and landwards into continental 

conditions. The width of deposit produced in a beach and foreshore 

environment may therefore be only a few tens or hundreds of meters. 

However, a foreshore deposit will end up covering a much larger area if 

there is a gradual rise or fall of sea level relative to the land. If sea level 

slowly rises the shoreline will move landwards and through time the 
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place where sands are being deposited on a beach would have moved 

several hundreds of meters.  

A transgression occurs when the rate of sea level rise landward 

exceeds the rate of sediment input and causes an increase in 

accommodation, initiating the development of a transgressive surface 

over which the trangressive sediments of the transgressive systems tract 

onlap and retrograde (fig. 6). 

 
 

Figure (6) show the Transgression and Regression 

 

A regression occurs when sedimentation rates outpace the rates of base-

level rise at the shoreline, or when base-level falls (fig. 6). 

 

Lithostratigraphy and correlation 

 

Correlation in stratigraphy is usually concerned with considering rocks in 

a temporal framework, that is, we want to know the time relationships 

between different rock units – which ones are older, which are younger 

and which are the same age. 
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Biostratigraphy 
 The element of stratigraphy that deals with the distribution of fossils in 

the stratigraphic record and the organization of strata into units on the 

basis of their contained fossils.  

 

the study of fossils has also provided fundamental information about the 

evolution of life on Earth. Skeletons and shells of animals or pieces of 

plant that are found as fossils are clear evidence of the fact that the nature 

of organisms living on the planet has changed through time. 

Some of these fossils resemble plants or animals living today and are 

evidently related to modern life forms, whereas others are unlike anything 

we are familiar with. The more spectacular of these fossils tend to capture 

the imagination with visions of times in the past when, for example, 

dinosaurs occupied ecological niches on land, in the sea and even in the 

air. Even casual fossil hunting reveals the remains of aquatic animals 

such as ammonites and fragments of plants that are unlike anything we 

see living around us now. 
 

Cataloguing the fossils found in sedimentary rocks carried out in the 18th 

and 19th centuries provided the first clues about the passage of geological 

time. 

Early scientists and naturalists observed that different rock units 

contained either similar fossil remains or assemblages of fossils that were 

quite different from one unit to another. Moreover, the units that 

contained the same fossils could sometimes be traced laterally and shown 

to be part of the same layer. 

 

CLASSIFICATION OF ORGANISMS 

 

1-  Species 

The concept of species, originally defined as groups of interbreeding 

organisms that are reproductively isolated from other such groups, is 

fundamental to the classification of organisms.  

the Linnaean System, existed long before the nature of genes was 

understood. In the Linnaean scheme, closely related species belong to the 

same genus, similar genera belong to a family, and so on up to the largest 

unit of classification, the Kingdom (Fig. 7).  

The general term for any one of the ranks defined by the Linnaean 

System is a taxon (plural taxa) and the fundamental taxon rank is the 

species. 
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Figure (7) The Linnaean hierarchical system for the taxonomy of organisms. 

 

A genus (plural genera) is a group of species that are closely related, and 

when an organism is named it is given a genus as well as a species: for 

example Homo sapiens is the Linnaean classification name for the human 

species. In paleontology species level identification is normally only 

required for biostratigraphic purposes, otherwise it is common to identify 

and classify a fossil only to generic level. For example, if fossil oysters 

are found in a limestone, they may be simply referred to as Ostraea as 

identification to this level provides sufficient paleoenvironmental 

information without the need to identify the particular species of 

Ostraea. 

 (Note the conventions used in referring to species and genera: the 

first letter of the genus name is always capitalized, while the species is 

always in lower case, and italics are used in printed text.) 
 

In 1856 Albert Oppel introduced the concept of biozone to describe strata 

characterized by the overlapping range of fossils. A biozone represents 

the interval between the appearance of species at the base of the zone and 

the appearance of other species at the base of the next zone. Oppel's 

zones are named after a particular distinctive fossil species, called an 

index fossil.  
There exist different types of biozones: 

Taxon range biozone representing the range of occurrence of a single 

taxon (A), (Fig. 8). 

Lineage biozone representing a specific segment of an evolutionary 

lineage (B), (Fig. 8). 

Concurrent range biozone representing the concurrent range of 

two taxa (C), (Fig. 8). 

Assemblage biozone representing a unique association of three or more 

taxa (D), (Fig. 8). 
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Figure (8) Types of biozones 

 

Biozones are based on index fossils. As previously stated, although 

different sediments may look different depending on the conditions under 

which they were laid down, they may include the remains of the same 

species of fossil. If the species concerned were short-lived (in geological 

terms, lasting a few hundred thousand years), then it is certain that the 

sediments in question were deposited within that narrow time period. The 

shorter the lifespan of a species, the more precisely different sediments 

can be correlated, and so rapidly evolving types of fossils are particularly 

valuable. 

To be useful in biostratigraphy index fossils should be: 

1- Rapidly evolving (short-lived). 

2- Independent of their environment. 

3- Geographically widespread. 

4- Abundant (easy to find in the rock record). 

5- Easy to preserve in the rock record. 

6- Easy to identify. 

One of the most commonly used biozones in biostratigraphy is the Taxon 

range biozone representing the range of occurrence of a single taxon. This 

range is comprised between the First Appearance Datum (FAD), which 

designates the first (oldest) appearance on Earth (speciation event) of the 

taxon, and the Last Appearance Datum (LAD), which designates the last 
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(youngest) presence on Earth of that taxon and consequently its 

disappearance from Earth (extinction event). 

However, the fossil record is inherently imperfect (only a very small 

fraction of organisms become fossilized) and sediments do not always 

register faithfully speciation events that occur through time because 

sediments may contain hiata (absence of deposition, erosion) or be 

affected by changing environmental conditions that are variably favorable 

to that particular taxon. 

 

Magnetostratigraphy: 

The Earth’s magnetic field alternates between periods of normal magnetic 

polarity, which is the field orientation of the present day, and reversed 

magnetic polarity, when the field is reversed, meaning that the ‘north’ arrow 

on a magnetic compass would point towards the South Pole. Evidence from 

measuring the magnetic fields of the past (paleomagnetism) indicates that 

these magnetic polarity reversals (Fig. 9) have occurred at irregular intervals 

during geological time. Some reversals have been relatively short, occurring as 

little as a few tens of thousands of years apart, although there was a period of 

nearly 30 Myr in the Cretaceous when the magnetic field appears to have 

remained the same. Through most of the Cenozoic polarity reversals have 

occurred every few hundred thousand to a few million years. The time taken 

for a reversal to occur appears to be ‘instantaneous’ in the context of geological 

time. 

 

    

 

 
 
 
 
 
 
 
 
 
 
 

     Figure (9) Reversals in the polarity of the Earth’s magnetic 

field through part of the Cenozoic. (From Haq et al. 1988.) 
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The magnetic record in rocks: 

 

A magnetic material acquires the polarity of the ambient magnetic field 

as it cools through the Curie Point, a temperature above which the 

magnetic dipoles in the material are mobile and free to reorient 

themselves. 

Once below the Curie Point, the material retains the same field when it is 

moved or the magnetic field changes around it. A rock may contain a 

number of different magnetic minerals that each have their own Curie 

Point temperature, and alteration of the rock may occur to create new 

minerals that will record the ambient magnetic field at the time of their 

formation. The preserved magnetization or remnant magnetism in a 

rock may therefore be a complex mixture of different field orientations 

resident in different minerals. 

The remnant magnetism in a rock sample is measured to determine the 

orientation of the Earth’s magnetic field relative to the sample at the time 

of the formation of the rock. In extrusive igneous rocks this will be 

recorded by the remnant magnetism in minerals such as magnetite and 

hematite as they cool below their Curie Point. This strong signal is 

relatively easily detected by a magnetometer, but of more use to the 

stratigrapher is a much weaker remnant magnetism preserved in 

sedimentary rocks. As fine magnetized particles (grains containing iron 

minerals such as hematite) settle out of water they tend to orient 

themselves parallel to the Earth’s magnetic field. Clearly not all of these 

particles will line up perfectly parallel to the ambient field, but there will 

be a statistically significant pattern in their orientation that will give the 

sediment a remnant polarity. 

The objective of a magnetostratigraphic study will usually be to identify 

periods of normal and reversed magnetic polarity recorded in a  

succession of strata. 

Field sampling is normally carried out by drilling out small cores of rock 

from beds in the outcrop. The orientation of the cores in three dimensions 

and the attitude of the bedding are measured and multiple cores are 

normally taken from a single bed in order to provide enough samples for 

a statistically significant analysis of the remnant magnetism at that single 

site. The vertical interval between sampling sites in the succession will 

depend on the rates of accumulation of the sediments and the time 

interval between field reversals during that period of Earth history.  

The remnant magnetism in the samples is determined in the laboratory by 

a magnetometer. The effects of the present-day magnetic field are 

removed by putting the sample in a space shielded from the present-day 

field and either heating it up or subjecting it to the field of an alternating 

current.  
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By making measurements of the remnant paleomagnetism through a 

succession of beds it is possible to construct a record of the periods of 

normal and reversed stratigraphy. These are conventionally shown as 

intervals marked in black for normal polarity and white for reversed 

polarity (Fig. 9). The pattern of reversals in the Earth’s magnetic field 

through time has been established for much of the Phanerozoic and many 

reversal events are well dated. 

In order to tie the pattern measured in an individual succession to the 

established polarity stratigraphy it is essential to have some sort of tie-

point to the geological time scale. This may be provided by absolute 

dating of a unit, such as a lava, within the successions, or biostratigraphic 

information that can be used to relate a point in the succession to the time 

scale (Fig. 10). 

Once a reversal stratigraphy has been established in part of a sedimentary 

basin, correlation within the basin is possible by matching the reversal 

patterns at other localities, again taking any evidence for breaks in the 

sedimentary record into account. The technique is normally only used 

when other (biostratigraphic) methods cannot be used or a high-resolution 

stratigraphy is required: magnetostratigraphy is often employed in 

continental successions that lack age diagnostic flora or fauna and which 

cannot be dated biostratigraphically. 

 
 

Figure (10) An illustration of how different successions can be correlated using 

a combination of magnetic reversals, marker beds and biostratigraphic data. 
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Subsurface Stratigraphy and Sedimentology: 

 

Geologists usually learn the principles of sedimentology and stratigraphy 

from outcrop relationships in the field, but many will work with 

subsurface data if they are employed as professional geoscientists. The 

exploitation of mineral resources started with miners finding layers of 

coal or beds rich in minerals at the surface and then following them 

underground by tunneling. Modern exploration, particularly for 

hydrocarbons, involves using a range of techniques for finding out what 

is below the surface. In some cases this will be direct sampling of what is 

down below by drilling a hole and bringing pieces of rock back to the 

surface, but most exploration uses less direct means of investigating the 

strata hundreds or thousands of meters below ground. These approaches 

involve making measurements of the physical properties of the rocks and 

are hence referred to as geophysical techniques. 

Surveys of the regional variations in the Earth’s magnetic field and 

measurements of gravity, which varies with the density of the rock below 

ground, are sometimes used as very general indicators of the nature of the 

subsurface. However, the first detailed approach in subsurface 

exploration is usually to create  seismic reflection profiles across an area. 

These provide information about stratigraphic and structural relationships 

in the strata and also give some indication of the lithologies present. 

Analysis of these data helps to target locations where boreholes are 

drilled to take cores or make further geophysical measurements of the 

properties of the strata. The objective is to build up a picture of the 

subsurface geology, including an indication of the distribution of different 

facies and the large-scale stratal relationships. 

 

Seismic Reflection data: 

 

The underlying principle behind this very widely used technique in 

subsurface analysis is that there are variations in the acoustic properties 

of rocks that can be picked up by generating a series of artificial shock 

waves and then recording the returning waves. A sound wave is partially 

reflected when it encounters a boundary between two materials of 

different density and sonic velocity (the speed of sound in the material). 

The product of the density and sonic velocity of a material is the acoustic 

impedance of that material. A strong reflection of sound waves occurs 

when there is a strong contrast between the acoustic impedance of one 

material and another. 

In geological terms there is a strong reflection of the sound waves at the 

contact between two rocks that have different acoustic properties, such as 
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a limestone and a mudstone. In general, crystalline or well cemented 

rocks have a higher sonic velocity than clay-rich or porous lithologies. 

The time taken for a sound wave to reach a reflector and return to the 

surface can be recorded: this is called the two-way time (TWT) and it 

can then be related to depth of the reflector at that point. The strength of 

the reflection is governed by the contrast in the acoustic properties at the 

boundary between the two rock units. By recording multiple sound waves 

reaching multiple reflectors across an area an image of the subsurface can 

be generated and subsequently interpreted in terms of geological 

structures and stratigraphy. 

 

Acquisition of seismic reflection data: 

 

Seismic reflection profiling can be carried out on land or at sea. Marine 

surveys are generally more straightforward because the ship can follow a 

course optimized for the data collection, whereas land-based surveys are 

restricted by topography, access and land use. The source of the energy at 

the surface is provided by a number of different mechanisms. On land, 

explosives may be used but it is now more common to use a vibraseis 

set- up, a vehicle or group of vehicles that vibrate at the surface at an 

appropriate frequency to generate shock waves. At sea the sound energy 

is provided by an airgun, a device that builds up and releases compressed 

air with explosive force: it is usual to have multiple airguns forming an 

array, releasing energy every 10 to 20 seconds. The horizontal spacing of 

the points where the energy is released (the shot points) is usually 12.5 or 

25 m. 

The returning sound waves are detected by receivers: these are essentially 

microphones that are referred to as geophones on land and hydrophones 

at sea. The pattern of these receivers depends on whether the survey is 

two-dimensional, a 2-D survey, or three dimensional, a 3-D survey. For 

2-D surveys a single string of receivers is spread out along a line spaced 

12.5 to 25m apart: in marine surveys this is called a streamer and it may 

be 3 to 12 km long. The returning sound waves are recorded along one 

vertical plane, producing a single profile that may be many tens of 

kilometers in length. For 3-D surveys a series of 6 to 12 parallel 

streamers, each about 100m apart, are towed behind the ship to create an 

array of receivers arranged in a grid pattern (Fig. 11). These record the 

reflected sound waves in a 3-D volume of rock in the subsurface and a 3-

D survey may cover tens of square kilometers in a series of parallel 

swathes. 

In the initial stages of exploration in an area a series of widely-spaced 2-

D survey lines are shot to provide a general picture of the structure and 

stratigraphy of the region. 3-D surveys are more expensive to acquire and 
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are usually used in the later stages of exploration to provide more detailed 

information about the exploration target. 

 
 
Figure (11) In marine seismic reflection surveys the ship tows the energy 

source, the airgun, and the receivers either as a single line or in multiple lines 

to generate a 3-D survey. 

 

Processing of seismic reflection data 

 

The signals generated by each reflection from one burst of energy are 

very weak. However, each reflection point in the subsurface will generate 

multiple return signals recorded at many different receivers from 

successive shots. These signals can be merged in a process called 

stacking, which greatly enhances the signal strength. Another processing 

technique is also used to allow for the fact that the reflected sound waves 

do not come back to the surface along a vertical pathway. 

 Migration of the data is a process of adjusting the time taken for the 

return from each reflection point to take account of the longer, oblique 

pathway the sound wave has taken on its journey.  

An important component of the processing involves converting the 

vertical scale of the data from two-way time to depth in meters. This 

depth conversion requires information about the acoustic characteristics 

(sonic velocity) of all the stratigraphic units from the surface down to the 

chosen limits of interpretation of the profile. The sonic velocity of the 

layers varies with lithology and depth, becoming higher as more 

compacted lithologies are encountered at greater depth. Values for the 

sonic velocity of the stratigraphic units can be obtained from 

measurements made in boreholes and these can be used to convert the 

two-way time into a true thickness for that interval. If carried out in a 
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series of steps for each unit a pattern of reflectors can be presented scaled 

to depth below surface. 

After the processing is carried out, the results from a seismic reflection 

survey can be presented as an image that appears to be a series of dark 

lines on a white background when presented as a 2-D profile (Fig. 12) 

(colors are often used in profiles generated from 3-D surveys). These 

images are built up of a series of closely spaced vertical traces, each of 

which is a record of the acoustic impedance contrasts that generated 

reflections. The peaks on the right-hand side of each trace representing 

high contrasts are filled in black, and when these traces are put next to 

each other, lines of strong impedance contrast, reflectors, show as black 

lines on the profile.  

The data from 3-D surveys are also combined into images built up from 

closely spaced vertical traces in a 3-D volume of rock. 

 
 
Figure (12) Example of a seismic reflection profile: the horizontal scale is 

distance (in this case several kilometers across), but the vertical scale is in two-

way travel time, that is, the time it takes for sound waves to reach a subsurface 

reflector and return to the surface. If the acoustic properties of the rock are 

known (these vary with the bulk density) this can be converted to depth. 

 

Visualization of seismic reflection data: 

 

2-D profiles are presented as black and white paper copy, typically rolls 

of paper a meter or more wide and many meters long. These will show a 

horizontal scale in meters and kilometers, marked with the shot points 

of the survey. The vertical scale will be in milliseconds of two-way time 

(TWT ms) unless a depth conversion has been carried out prior to 

printing. The patterns of reflectors can be visually assessed and 

interpreted in terms of structures and stratigraphy as described below.  
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If a series of lines has been shot to form a grid pattern, cross-cutting lines 

are matched up and a correlation between all of the lines in the grid is 

carried out. The scope for visualization of data from a 3-D survey is much 

greater and has expanded as computing technology has advanced.  

2-D profiles can be extracted from the data and presented on-screen in 

any orientation, vertically, obliquely or horizontally. It is also possible to 

create three-dimensional images that can be perspective images on the 

screen or using 3-D projection technology to generate a virtual three 

dimensional effect. These latter visualization techniques allow the 

interpreter to ‘move’ through the volume of data as if they were moving 

through the volume of rock and view the geology from different 

perspectives, angles and at different scales. 

 

Interpretation of seismic reflection data: 

 

At a first glance there is a lot in common between a seismic reflection 

profile and a cross-section compiled from surface outcrop data. Layers 

looking like beds of rock may be seen on the profile, unconformities, 

folds and faults may be picked out and contrasts in the detailed pattern of 

the reflectors suggest that different rocks may be identified on a seismic 

reflection profile. 

Although all these features can indeed be related to stratigraphic and 

structural features seen in rocks, comparison and interpretation must be 

carried out with caution because there are important differences too. 

First, there is a question of scale. In dealing with outcrop, a geologist is 

accustomed to looking at beds centimeters to meters thick and features 

tens to hundreds of meters across are considered large scale. The vertical 

resolution on a seismic reflection profile is related to the wavelength of 

the sound waves and the best resolution that can be achieved is about 15 

m, so the units defined by reflectors are packages of beds, not individual 

beds. Sound waves reflected from deeper in the succession have lower 

energy so there is also a decrease in resolution with depth and detail can 

be much more clearly seen in shallower strata than in rocks buried a few 

thousand meters below ground. 

Second, a contact between two rock units will not show up on a seismic 

profile if there is no acoustic impedance contrast between them. The 

boundary between a thick sandstone and a conglomerate body might be 

easily recognized in outcrop, but if they have the same acoustic properties 

the contact between the two would not be imaged as a reflector. The 

clearest reflectors are generated by the contacts between beds of 

contrasting properties, such as a mudstone and a well-cemented 

limestone, a basalt lava and a sandstone or a bed of halite overlain by 

anhydrite. 
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Third, processing techniques that attempt to convert the geometries 

imaged on the profile into the true subsurface relationships become less 

effective with increasing depth. The relative horizontal positions of 

reflectors are distorted such that the true location is not correctly shown, 

and the angular relationships are also not accurate. The interpretation of 

both stratal and structural geometries on seismic reflection profiles must 

therefore be carried out with care and an awareness of these potential 

distortions. 

 

 

Borehole stratigraphy  

 

The interpretation of seismic reflection profiles provides a model for the 

stratigraphic and structural relationships that may exist in the subsurface. 

Data from these sources can provide some indicators of the lithologies in 

the subsurface, but a full geological picture can be obtained only by the 

addition of information on lithology and facies. This can be provided by 

drilling boreholes through the succession and either taking samples of the 

rocks and/or using geophysical tools to take detailed measurements of the 

rock properties. When a borehole is drilled there are a number of ways of 

collecting information from the subsurface, and these are briefly 

described below. 

 

1- Borehole cuttings 

 

In the course of drilling a deep borehole, a fluid is pumped down to the 

drill bit to lubricate it, remove the rock that has been cut (cuttings) and to 

counteract formation fluid pressures in the subsurface. Due to the weight 

of rocks above, fluids (water, oil and gas) trapped in porous and 

permeable strata will be under pressure, and without something to 

counteract that pressure they would rush to the surface up the borehole. 

The drilling fluid is therefore usually a ‘mud’, made up of a mixture of 

water or oil and powdered material, which gives the fluid a higher 

density: powdered barite (BaSO4) is often used because this mineral has 

a density of 4.48. The density of the drilling mud is varied to balance the 

pressure in the formations in the subsurface.  

The drilling mud is recirculated by being pumped down the inside of the 

drill string (pipe) and returning up the outside: because it is a dense, 

viscous fluid, it will bring the cuttings with it as it reaches the surface. 

The cuttings are filtered from the mud with a sieve and washed to provide 

a record of the strata that have been drilled. These cuttings are typically 
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1–5mm in diameter and are sieved out of the drilling mud at the surface. 

Recording the lithology of these drill chips (mud-logging) provides 

information about the rock types of the strata that have been penetrated 

by the borehole, but details such as sedimentary structures are not 

preserved. Microfossils such as foraminifera, nanofossils and 

palynomorphs can be recovered from cuttings and used in 

biostratigraphic analysis. There is usually a degree of mixing of material 

from different layers as the fluid returns up the borehole, so it is the depth 

at which a lithology or fossil first appears that is most significant. 

 

2- Core 

 

A drill bit can be designed such that it cuts an annulus of rock away 

leaving a cylinder in the centre, a core, that can be brought up to the 

surface. Where coring is being carried out the drilling is halted and the 

section of core is brought up to the surface in a sleeve inside the hollow 

drill string. As each section of core is brought to the surface it is placed in 

a box, which is labeled to show the depth interval it was recovered from. 

Recovery is often incomplete, with only part of the succession drilled 

preserved, and the core may be broken up during drilling. The core is 

then usually cut vertically to provide a smooth-surfaced slab of rock that 

is typically 90mm to 150mm across, depending on the width of the 

borehole being drilled. 

Cores cut in this way provide a considerable amount of detail of the 

lithologies present, the small-scale sedimentary structures, body and trace 

fossils. In exploration for oil and gas and in the development of fields for 

hydrocarbon production, cores are cut through ‘target horizons’, that is, 

parts of the succession that have been identified from the interpretation 

of seismic interpretation as likely source rocks, or, more importantly, 

reservoir bodies. Core is usually only cut and recovered through these 

parts of the stratigraphy: the rest of the succession has to be interpreted 

on the basis of geophysical wireline logs. However, continuous cores may 

be cut through successions that cannot be interpreted satisfactorily using 

geophysical information alone, as can occur when the properties of the 

rock units do not allow differentiation between different lithologies 

using wireline logging tools. 

In contrast to oil and gas exploration, coal and mineral exploration 

normally involves taking a complete core through the section drilled. The 

width of the core that is cut is smaller, often just 40 mm, and the core is 

not split vertically (Fig. 13). The small size and the curved surface of the 

core may make it more difficult to recognize sedimentary structures than 

in the conventional, larger, split core used in oil and gas exploration, but  



 

Stratigraphy                                                                              Dr.  Salah A. Hussain 

 

28 

the continuous core provides good vertical coverage of the drilled 

succession. 

 

 

Figure (13) Cores cut by a drill bit and brought to the surface provide 

information about subsurface strata. 

 

Core logging 

 

The procedure for recording the details of the sedimentary rocks in a core 

is very similar to making a graphic sedimentary log of a succession 

exposed in the field. Core logging sheets are similar in format to field 

logging sheets and the same types of information are recorded (lithology, 

bed thickness, bed boundaries, sedimentary structures, biogenic 

structures, and so on). The scale is usually 1:20 or 1:50. In some ways 

recording information about strata from core is easier than field 

description. If the core recovery is good then there will be an almost 

complete record of the succession, including the finer grained lithologies. 

Weathering of mudrocks in the field usually means that they are less well 

preserved than the coarser beds, but in core this tends to be less of a 

problem, although weaker, finer grained beds will often break up more 

during the drilling. The main limitations are those imposed by the width 

of the core. It is not possible to see the lateral geometry of the beds and 
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recognize features such as channels easily, and only parts of larger scale 

sedimentary structures are preserved. On the other hand, the details of 

ripple-scale features may be more easily seen on the smooth, cut surface 

of a core. Paleocurrent data can be recorded from sedimentary structures 

only if the orientation of the core has been recorded during the drilling 

process, and this is not always possible. The other, not insignificant, 

difference between core and outcrop is that the geologist can carry out the 

recording of data in the relative comfort of a core store, although it is 

unlikely to be such an interesting environment to work in as a field 

location in an exotic place. 

Not all cores pass through the strata at right angles to the bedding. If the 

strata are tilted then a vertical drill core will cut through the beds at an 

angle, so all bed boundaries and sedimentary structures observed in the 

core will be inclined. During the development phase of oil and gas 

extraction, drilling is often directed along pathways (directional drilling) 

that can be at any angle, including horizontal. Interpretation of inclined 

and near-horizontal cores therefore requires information about the angle 

of the well. 

 

 

  

 

 

 

 

 

 

 


